
can be ether in the form of an alert or in th form of a torm warning.Typcally 
a storm alert is put out in the afternoon before 33 or 4:00p.m. 

when 
the maintenance people go home. This gives the regular day crewa chance 

to prepare equipment for a nght torm and to alert or schedulecrews for 
a nght storm duty.From to 6 

before storm Is expected to begin, the independent weatherservce wll 
telephone the followng detaled information to subscrbers:• the approximate 

hour the storm wll begin;• the type and 
amount 

of preptation expected;• the duration of the 

storm;• the temperatures, 
wind 

drecton and velocity, anddriftng condtons during 
and after each storm;• the approximate hour of 

change 
from snow to ran Ice torain, snow to ice, etc.; and• 

weather conditons to be 
expected 

after the storm, particularlywhether th temperature will go 
up or down.Details of this Information are 

transmtted by phone and recorded on formssmilar to the one shown In Fgure 
4. The subscrber has a large numberof these forms, which he flls out 

when called by the weather service.Transmsson of the information in 
nuerical form saves tne and preventspossible errors. For storms beginning 

during the nght, subscribers arecalled before 4:00 p.m. the prevous 
afternoon 

wth detals of the fore¬cast at that tme. If detals are unobtanable 
before about 4:00 p.m.,an alert is telephoned In lieu of the detailed 
forecast. Ths sameprocedure is generally followed for storms which 

are expected to begnover the weekend. For large subscrbers such as the 
Massachusetts 

Department 

of Publc Works,specialzed forecasts are prepared. These may be 
transmitted 

over teletypeto the subscrber who cuts transcription tape of hs own 
for transmssionover a closed-ircuit teletype system to major road divsions. 
For otherlarge subscribers, the Informaton may be transmitted by 

Fromthis type of weather forecast, a specific weather map can be drawn for 
theparticular localty of the subscriber like the New Jersey Turnpike, whchhas 

considerable variaton In weather conditons from one end to theother. 
For other subscribers, an extended weather forecast can be provdedas 

on the form shown in Figure 5.The Independent weather service emphaszes 
drect 

cat on wth main¬tenance 

anagers. 
Indvdual subscribers can call the independent weatherservice at any tme 

and consult wth the forecastng whois on duty at the tme. Ths twoway 
communication is as important to theforecaster as It Is to the subscrber. 

The forecaster can pnpont exactly28 
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what is happening during a storm and sharpen the local forecast in 
thatarea. Ths technique is particularly useful for prediction of change 

instorm 
condition a pases between regular oservation stations.It alo give 

the uscriber chance to make his feelings known particularlywhen the weather 
is not what is forecasted.A listing of 

independent 
weather services can be found in the ofthe American Meteorological 

Society 45 Beaon Street, Boston Massachusetts.Local Television and Radio 

StationsMany loal radio and 
television 

stations maintain staff who,with ccess to the standard government 
weather 

Information, provide generalweather forecasts for the local area served 

by the particular station.These forecasts are often used in with other 
forecasting sourcesin formulation of an overall picture of the weather 

situation confrontingthe local snow and ice control group.Other of Weather 
Inormation1. Sometimes independent 

are employed to providethe precise 

weather predictions required of snow and ice control operations.2. 
telephone call to a neighboring highway organization mayprovide the 

required 
wrning of snow conditions descending upon the area.3. 

Often times through monitoring of a radio station in an adjacentstate, 

sufficient 
warnings of snow conditions can be obtained particularlywhen 

torms follow traditional weather patterns. Supervisors of the westernsections 
of the Massachusetts Turnpike regularly tune in on a Hartford,Connecticut 

radio station, which ha weather report that they findreliable.TRAFFIC 
CODITIOS AND LEVEL OF SERVICETwo other major factors in decisions 

about 

snow and ice control are thetraffic 

conditions 
that will eist at predicted start of the storm, duringthe sorm 

and at the end of the storm and the level of service to bemaintined on the 
various classes of roads. The time at which stormconditions begin 

to 
develop has an important bearing upon the responseand each group 

must establish a set of priorities to be followed as stormsdevelop. (It 
is essential to give these priorities wide publicity sothat the driving 

public will understand what is happening and give theirsupport by 
staying home or avoiding lower serviced roads.)Priorities for level of 

service should be based on traffic volume becauseit reflects 

the degree of difficulty in snow and ice control, the speedof veicles using 
the roads, and the skill and familiarity of the highwayusers traveling 
on these roads. Volume of traffic also reflects the numberof people 

that 
will be inconvenienced by deteriorating road conditions.Often level of 

service priorities are etablished (quite by31 



experience or traditon. Minnesota, Michian, Washngton, New York, Nova and 
other have establihed level of servie on average daily traffic The 

level of service used in Minnesotaare given in Table 1. Levels of servie 

will be ued in athe bais for standards for snow and ice control, 
rate 

of application ofchemicals and abrasives, and allocations of equipment 
and manpower. Therecommended generalized priority system includes the 

four lassificationsof roads in Table 2. The guidelines for level of servie 
in Table 2 area distillation of information from all of the above 

soures 
and can serveas a stepping off point for the preparation of levels of 

service suitedto each particular location.32 



Table 1. LEVELS OF SERVICE FOR SNOW AND ICE 

CONTROLCourtesy 
of Minnesota Department 
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CHATER 

VACTIONUp 

to ths point ths manual has been conerned wth the regulatoryframewor 
the upervision requrements and some f the decisionmakingprocesses that lead 

up to sno and e control operations. This chapteris written for the 
highwaymen (the equipment operators the foremen, andthe supervisors) who 

get out into the storm and do the work. It dealswith organization of 
operations, training and equipment in¬spection, moiliation of men and 

equipment, issuing of orders, guidelinesfor application of chemicals, and 

precautions to be taken inhandling o chemicals and loading spreader 
truck. It discussesthe role of the spreader operator, techniques for 

miniizing chemicalappliations, and accounting procedures for keeping 
track of the use ofchemicalsBEING PEPAREDAn important part of snow and 
ice ontrol 

is the 
preparation 

o men andequipment for the actions that must be taken when weather 
conditions turnbad. Essential to the effective program an organzation 

that is responsiveto the levels of service established in Chapter III.Oraniation 
of OperationAs wa pointed out in Chapter II, 

the 

work organiation at the 

districtlevel is the same no matter what the organization (a town or cit 
or anintegrated or a separate function ithin a state organization) 

Theactivities at this district level are of primary interest to us in 
thisChapter.Uniform criteria must be used in establishing levels of 

service 

standardsthroughout the jurisdiction. At the district level it is highly 
recommendedthat both work breakdown and an and equipment assignments be based 

on anoverall level of service plan* A good example of thi the ditrict-level 
organization developed by the Pennsylvania Department of 

Transportation(Per 
DOT) and reproduced here with its permission.Within Pem DOT, the 

basic unit of organization is the county. Eachcounty, 

which contains approximately 1,000 lane miles of rad, is brokenup 
into a number of foreman setions, such as the eight shown in Figure 6.Each 

of these eight foreman sections contain approximately 120 lane-ilesof 
road, lasified as interstate, primary, secondary, or rural andrated for level 

of service in that order. For simplified presentation,detail is 
hown for only foreman section 1. Color coding of levels ofservice as 

used by Perm DOT instead of the symbol odes shwn here, increasethe ease 
with which these planning aps can be read during storm operations.35 





Within the foreman ection eupment asignment are made accordancewith the 
prioitie etablhed as shown in Figur 7. On th summaryigure all of th 

inormation th oreman will need, including stockpilelocations, operators name, 
the lane mles to he covered by each pieceof equipment, the equipment 

umber or rntal agreement number, the equipmenttype, and the telephone number 
of th operator. Additional informationincludes the radio call number 

of the supervisor, the stockpile number andthe nam and telephone number 
of 

the asistant superintendent*The third breakdown in this 

organization, 
shown in igure 8, agan showthe foreman section map and outlines 

the individual operator's route. Thismap i kept in the cab of each vehcle 

along with the caibration data forthe spreader, and helps provide a continuity 
of service if road assignmentshave to be switched.A work breakdown such 

a the one shown i 

based on a level of service forwhich the county maintenance manager has 
classified roads as primary,secondary, and rural and has established 

appropriate service priorities.This classification is often made on the basis 
of the or sometiessimply on the experience of the maintenance manager. 

DOTS ystem is more elaborate and detailed than 

traditional methodsof organization. But it has several advantages. It 
organizes 

in a commonformat much of the data which supervisor need in order 
to manage. Itincrease the probability that prescribed tandards will be 

applied andfollowed throughout a large area; this promotes not only 
efficiency inuse of supplies, but also the uniformity of winter road 

conditions whichdrivers should have for reasons of both convenience ad 
safety. 

Personnelwithin the department whether drivers or top managers can 
be 

transferredfrom one job to anther but still have guidance from common 
operatinginstruction applied to each county, ection, and route. A 

relatedadvantage, from both driver and managerial viewpoints, is that 
each truckdriver know what is expected of him by his supervisors in the 

very 
topof the chain of command but the zone of discretion can be clearly 

limitedand understood* his sytem also enables manager to pinpoint an 
important 

attribute of any organization. Moreover, it presents a massof important 
data in compact yet clear form which can aid managers inexpanding both 

their strategy and their tactics to outsid examiners,whether from other 

goverment agencies, the legislature, or the public.Finally, this 
clearly-presented system makes easier the inevitable processof change and 

adjustment.In this organization, the responsibility for mainaining roads is 
locatedat the foreman's 

level because he and his equipment operators are in thebest position to 
judge the codition of the road, to see how the weatherconditions are 

affecting 
the road urface and to berve the trafficconditions. Almost all 

vehicles are equipped with two-way radios so thatinstant comunication can 
be aintained with the section foreman. Withthis communication, the 

section 
foreman as he patrols his section, can beappraised of developing 

road conditions, of breakdowns, and of the progressin plowing or spreading 
of chemicals; he can reassign equipment in the eventof brekdown or if 

prioritie have to be modified.37 







When rented quipment wt a diviion, all equipment and accesorieshould be ready 
or by November 1. Within the terms of their contract,rented truk are 

employed to supplement equipment of the jurisdicton county, or town). uch 
rental equipment is called out as neededduring torm and used in the ae 

manner as any stateowned equipment.Eah piece of rentalequipment should 
be 

given a definite work assignmentunder specific foreman who supervses 
that equipment and is responsilefor its perfrmance. The foreman should have 

the responsibility for callingout the rented equipment, checking its time 
of arrival and departure,arranging for hanging its plow blades, 

allowing time out for the operatorsmeals, changing his work assignments temporarily, 
loading of materials,and enuring effective use o the equipment. 

Crew Trainin and Equipment InspectionProbably 

the most important action that maintenance 
managers 

can take toensure that their winter maintenance operations are 
effective, 

is toreview operations in a eries of training sessions for 
allpersonnel. Everyone should be included in these trainingsessions, 

including managers, supervisors, equipment operators and theirhelper, 
time keepers, mechanics, and, of course, all of the contractorsupervisors 

and equipment operators.All aspects of the winter maintenance program 
should be covered to somedegree 

in 
each training session, although the focus of particular trainingsession 

programs can be adapted for the audience. Management aspects maybe 
emphasized 

at the supervisors meeting, and equipment-operation aspetsmay be 
emphasized fo those personnel who ae responsible for the fieldoperations. 

Attendance at these training sessions should berequired and groups 
should be chosen so that older, more experiencedemployees attend along 

with the first-time new employees. Throughouteach training session, 
questions and discussion should be encouraged sothat the operation is 

fully understood and improvements can be suggested.The techniques that 
can be utilzed in rew training includeclassroom instruction, shop 

demonstration, 

equipment dress andfinally route familiarization. All of these 
techniques should be usedto some degree in each program and should be 
tailored 

to the particularneed of the organization responsible for the 
winter maintenance program.The program can begin as early as September, 

depending upon when thewinter season begins, and ontinue right up until 
the winter season begins.Although efforts should be made to complete 

the program before Noveber 1,training should be considered as an on-going, 
ever-changing function,hich can continue throughout the winter eason as new 

information ortechniques are brought to the attention of the winter 
maintenance organization,Classroom InstrctionAll training sessions 

should be tailored to small groups (five to tenparticipants at a time) so that 

the 
Instruction can be 

personalized andquetions and discussions encouraged. Instruction 
materal should be40 



prepared by the parent organization so that uniformity is 
guaranteedthroughout 

the jurisdicton.Some 

of the techiques that have been employed by various organizatons,are 
listed below in descendng order of preference:• 

Semnars 
prepared and executed by the parent organzatonwth 

slides 
and movies,• Semnars 

conducted by local supervsors including slides wthcoordinated 
sound tracts or sldes with a tape recorder,• Slides 

with 

a text prepared by the parent organzaton, and• Discussons 
of 

local operations and standard procedures.Topics to be 

covered 
at these sessions iclude;• Winter working 

hours and shft rotations;• Mobilzation;• 

hat 
to do and 

when 

to do it under varying weather conditions;• Coordinating 

operations 
wth weather changes, traffic conditions,and time of day;• How 

to run a 
spreader;• 

Quantites of 
chemcals 

and/or abraves for varyg weathercondtions• Where to spread 
chemicals 

on the road;• Calibration of spreaders; 

and• 
Hazards to the 

environment.Table-top 

demonstration models 

are useful for demonstratng plowing techniques,One town utilzes a model truck 
with plow to show employee how and hownot to plow snow. The model 

operates 
on a street mock-up, which includesthe difficult plowing situations 

that may arise including a cul-de-sac,and various types of Intersectons 
includng mult-street, curbs drveways,and straight road sectons. Dry sand 

or soap powder simulates the snow.Each person is given a chance to "drive" 
the plow truk.Shop DemostrationAnother effectve tool 

in the training 

sesion 
is the shop demonstrationdurng which Instructon can be gven on 

spreader operaton,plow mantenance and hook up, and spreader calbration. In 
these shop41 



demonstrations, an instructor (in this case an experienced operator) 
candemonstrate to each new operator how to mount a plow and properly adjustIt 

for the various weather condtions and how to prepare spreader forthe 
dfferent materals and rates of application tha are expected inthe 

winter operation program. Under supervison, each new operator mustperform 
these functions on te specfic pece of equpment which he willbe 

responsible 
for using during the winter season.These 

shop 

demonstrations should also include the calbration of a spreader.For detals 

of spreader calbration see Chapter VI.Equipment 

Dress 
RehearsalFollowing 

procedures 
used by the Minnesota and Mchigan Highway Departents,all equpment 

In a section should be moblized on one day for formalequipment inspection 
and dress rehearsal. I order to stress the portanceof ths inspection, 

anagers at all levels must be Involved. These inspectionsare usually conducted 

by personnel from the head maintenance office.The purpose of this 

inspection Is to determine if the equipment is inproper mechanical 
condition for the comng winter season. A detailedad complete Inspecton 

is made of each pece o equipment* All accessoriesare checked thoroughly, and 
the general conditon of the equpment is notedon the Equipment Checklst 

shown In Fgure 9. Mnor repairsare made, and major work is scheduled for 

a later date by the shop foremen.Route FamiliarizationThe last step in the 

training program 
should 

enable the operator and hishelper or wing-plow man to become thoroughly 
familiar with the sectionor sectons or road over which he Is to 

operate. Frequent stops shouldbe made to inspect obstacles such as guard 

rals, manhole covers, andcurb stones, which may cause damage to 
equpment 

if struck. High stakeswith reflectors or perhaps just tall branch 
should be attched to theseobstructons so that the operator can identify 

them under the adverseweather conditions experenced during storms. 
Remember the obstaclethat is vsble when the leaves are beginning to 
fall wll probably beInvisible or extremely diffcult to spot from a plow 

or spreader whenthe weather conditions are poor.Where to Get Additional 
InformationSeveral 

organizations 

have devoted considerable 
thought 

and efforts todevelop effective tranng programs for winter antenance 
personnel.They are aware of both the operatonal and the environmental 

problesand, through these programs, have addressed the issues.The 

Salt Institute has produced an effective program 
entitled 

"SensibleSaltng" that can be incorporated Into a crew training 
program.Sensible Salting programs are conducted by sklled personnel from 

theSalt 
Insttute and Include the following:42 



ENGINE COMPARTMENTOil 

leaks - valve covers, oil pan filter housing, lnes, etc.Oil 

level and conditonPower 

steerng - belt, condition & adjument, fluid levelCoolng 

systemCoolant 

levelCoolant 

specific gravity protected to -°FRadiator 
condition 

- leaksRadiator hoses 
condition - leaksHeater hoses 

condition - leaksFan belt - 
conditon & adjustmentFan blade - 

looseness, cracksWater pump - 
seal, bearingsRadiator shutters 

- condition & operatonElectrical 
system• 

Battery - 
holder, 

hold downs, caps missng• Battery cables 
tightness, corrosion123456• Electrolyte 

level 
• Electrolyte specific gravity 

• High rate discharge test - battery 
rating• Time discharged • Amperes • Minutes • Final 

voltage AlternatorBelt 
- condion 

& 
adjusmentLubrication 

(if 

necessary)Wiring 
- condition & tghtnessVoltage 

regulator - mounting, 
wiringBrake system components• 

Hydrulic• Master cylinder 
condition, 

fluid level• Lines 

- leaks & 
condition• Air• Compressor - lubrication, 
air & cooling lines tight• 

Belt 
condtion adjustment• Intake filter - condition & 

cleanFIGURE 9 EQUIPMENT 
CHECKLST43 



Fue system (gas)• 

Carbureor ~ mounting, leaks, etc.• 
Air cleaner - conditon, ducts• 

Fue 
pump - tightnes, leak• Fuel 

filter - drain water, clean or replace elementFue 

sytem 
Air cleaner - 

condition & service• Transfer pup - 
condition & leaks• Injection pump 

- condition & leaks• Injectors - 
condition & leaks• Filters - condition 

& serviceIgnition systems• 

Coil - condition 

& clean• Distributor• Cap 
~ condition 

clean• Rotor - condiion 
& clean• Points & condenser 
- condition & adjustment• Primary wiring - 

condition & tightness• High tension wires 
- condition & tightness maser cylnder - 

condition, fluid levelWindshield washer tank - 

illront ounted hydraulic pup - 

condition & leaks• Clutch - operation & 
adjustmentSteering 

box - luid level 
checkWith 

engine running• Engine 
governor 

settings• Air 

pressure governor setings• 
Voltage regulator settings• Engine 

iming setingsCHASSIS 
INSPECTIONSteeringWheel 

bearings 
- condition, 

adjustmen 

& lubricationSteering box - seas, bearing, 
adjusmentDrag 

link - ightness lubricationBell 
crank ightness, lubricationTie rod 

- ightness, lubricationSeering arms 
- bent, tghnesFGURE 9 CONTINUED44 





Exhaust system - ounting, corrosion 
Fuel 

Cank(s) - mouning, lines, gauges, caps, leaks 
Hydraulic 

oil reservoir - mounting, lines, gauges caps, leaks Rear 
end(s) 

& power divider (if used) - mounting lubrication level Miscellaneous 

coponent ounting (hydraulic pumps, etc.) • Condition - ouning, 

operation Tires & wheels - check 
tread, 

inflation,wheels ben cracked lug nuts tight 
TiresRearFront Bogie Rear BogieFront R L R 

LR L 
In 

Out In Out In Out In 
Out• Condition 

• Inflation • Wheels 

• Lug nuts Dump body - condiion 
& operation Tail gate - condition 

& operaion Spreader general 
condition, conrols, operation 

Auxiliary 
engine (if used) Flight conveyor 

- chain, bars, shafts, sprockets, 

etc. 
Spinner - condition, operatio Baffles - ge, top 

screen, condiion & operation 
Hydraulic motors lines - condition & leaks Lubricaton - 

gear reducion, shafts, sprockets, 
etc. Front plow - bent broken Lift piston - ounting, 

lines, leaks Swing pistons - mountng, lines, 
leaks Trip mechanim - condition & operation Cutting 

edge 

- worn, 

bent. broken Wing plow 
general condtion • Hoist mechanism 

condiion & operatio • Swing mechanism 
condition & operaion FIGURE 9 CONTINUED46 



scraper ounting, bent, cracks • Lift 
mechanism 

Trip mechanism 
• Cutting edge 

CAB CHECKGeneral 

condition 

of body, fenders, hood, grill, running boards, etc.( • Glass - windshield, 

side & vent windows, rear window • Doors - lach, handles 
condition & operation • Seats - upholstery, 

adjusten Floorboards padding rim 
Heater & defroster - condition, 

output, leaks • Fan switch • Cable controls 

Hoses & ducts • 
Auxiliary fan 

defroster 
Switches 

lights - condition & operatonHigh 

LowR L• Headlight & dmmer swich 

Fron 
RearR 

R LTurn signals Tail lights 

Brake 
lighs 

Parking lights Cab markers 
Clearance lights 

Plow & lights 
Rotating beacon 

Spotlight 
Interior 

cab light Map light Courtesy 
light InsrumentsSpeedometer 

Tachometer 
Ammeter 

Temperature gauge Fuel 
gauge(s) Oil 
pressure gauge FIGURE 

9 
CONTINUED47 



• Air pressure gauge• 
Low ar-pessure warnng • Miscellaneous 

gaugesDriving 

cotrolSteerng 
wheel 

- condition operationCluth pedal - 
operation & adjustmentBrake pedal - 

operation & adjustmentAccelerator 
pedal - operation & adjustmentTransmission 

lever ~ button, operatonParking brake - operation 
& adjustmentHorn - operationindshield 
wipers - operation 

radio check all 
frequencies, 

operation & interferencePlow controls• Front plow• Wing 

plows• 

plowSpreader 

controlsGround-speed 

controllerCalibration 

checkOperation 
- all rangesManual 

overrideManual 
operationCalibration 

checkConveyor 
controlSpinner 

controlRaise 
Lower Float 

Swing 



• A movie on snow and ie control operations,• 

movie on calibration techniques,• 

Discussions concerning snow and ice control operations,9 

Demonstrations of the calibration of spreader 
(usuallyperformed 

on spreader belonging to the host organization)and• 

Additional information to be supplied by the Salt InstituteThe 

New England Chapter of the American Public Works Association 
hasdeveloped a training film designed to improve snow plowing operations.The 

film is about a snow school desgned to help eliminate the ommonmistakes 
in snow plowing and combines classroom demonstraton with amodel 

snow plow and table-top model of common street plowing situationsand 
actual street plowing senes ombined with descriptions of goodplowing 

techniques.The 
Michgan 

Department of State Hihways has developed two internaltraining 
programs for snow and lee control. One program concerns howmuch salt 

to use and where to put the salt when spreading it. The otherprogram 
concerns calibration of spreaders and s based principally uponSalt Insttute 

Sensible Salting Program.MOBILIZATIONAs 

it becomes 

inreasingly clear that bad weather is on the way, warnngmust be given 
so that men and equipment can be ready. The warning proceduresin Chapter III 

Indicate how supervisors or their designated alternates anbe directly 
notified 

by phone that snow and ice control actons willprobably have to 

be Intated. Acknowledgement of ths notficaton Isusually requred and 
is 

logged by the weather warning personnel.Each road secton must 

be provided with at least 3 and preferably 4 hoursof warning along wth a 
description of the magniude of the storm so thatrews can be alerted and 

materials and equipment can be prepared for theparticular weather expected. 
The exact time for mobilzation i, ofcourse, the responsiblity of 

the road secton supervsor.Thus the most important warning 

Is the first or prelmnary warning thatbad weather is on the way. At this 
tme, the supervisor akes hs decisonabout what to do and when to do it based 

on past experence similarwarning. For instance, he may elect to apply 
chemicals or abrasives and/orwait for snow to accumulate and then plowThe 
degree of moblizaton will probably depend 

upon the agnitude of thestorm. For a large, full-sale storm, the entire 
road section crew maybe mobilized including truck spreader operators, 

loader operators,wing laborers, foremen and mechanics. For a small storm or 
one49 



that begins at nght, just the spreader operators may be requred, andthey 
will load their own 

trucks.ISSUING 

OF ORDERSThe 

road section supervisor has responsibility for issuing orders concerningboth 
mobilzation of manpower and equpment and the applation rate for 

material. 
He is responsble for interpretation of the weatherreports and the 

road conditions at hand, prescription of the applicationrate for chemical 
or abrasives, and the initiation of plowingoperations. These orders 

are usually Issued verbally to the foremenand then in turn to the 
equipment operators who adjust ther spreadersfor the amount prescribed 

and attach the requisite plows as needed.APPLICATION RATE FOR 

MATERIALThe amount o material that 
must 

be appied to improve the drivingconditons on a partiular section of 
hghway 

at any specific tme durnga given storm is dependent prmarily on the 
weather, the traffic conditions,and the level of service to be mantained. From 

an environmental pointof view, the minimum amount to be applied would 
be no chemicals—clearlynot an acceptable alternative except perhaps 

on 
little-used rural roads.From the point of view of improved driving 

conditions, an amount equalto or slightly in excess of a minimum should 
be used.Unfortunately no generally accepted gudelnes have been establishedfor 

minimum amounts of chemal to be applied for different weather 
andtraffic onditions. Furthermore, no expermental programs have beenconducted 

to determine the mnimum amount of chemcals requred—acondtion 
that has been long reognzed by many mantenance managers.Those 

guidelnes that are presently being used have evolved from the pointof 
vew 

of Improving the driving conditions. Until there is widespreadconcern for 
the environment on the part of the driving public (see PartFive of 

this manualor until the demand for bare roads at all times isdminished, 
these guidelines will not change significantly. In addition,sine existng 

guidelines have not been verified experimentally theyhave simply been 
found to be adequate.The ritial environmental issue is not the exact 
amount of chemicalmaterial that is 

prescribed 
for given set of weather, traffic, and roadcapacity conditions, 

but rather that no more than the recommended prescribedamount be 
used 

(a matter of equipment calibration) and that a minimalnumber of applications 
be made during each storm (a matter of weatherprediction and 

supervision of the operation)A major finding of the study leading up to 
the writing of this manual wasthat many agenies 

did not know how much salt or chemical wasbeing spread with each 
application 

and, in most instances, the amountwas not only greater than 
expeted but also greater than the amountprescribed. This startling fact 

was revealed in many agencies when,50 



for either financia or ecological reasons, concerted effort reducedthe 
use of chemicals yet did not reduce the level of service or 

thedriving 
conditions.General 

GuidelinesIn 

view of all these lmitations, suggested guidelines for chemicalapplication 
rates are given in Table 3. These guidelines reflect helower 

limits of chemical usage in current practice among a wide rangeof 
city, town, county, state, and tollroad authorities. Five classi¬fications 

of roads comprise the basic parameters. The guidelines arepresented 
in terms of the amount of material that is to be spread upona mile 

of two-lane road or per mie of wo lanes of a divided highway.How this 
material is to be spread on the highway must be determiedby each 

agency.Generally, 

hemicals such as salt (sodium chloride) and/or of salt and calcium 
chloride are spread in a narrow pattern in the centerof two-lane roads 

or on the rown of multi-lane divided highways. Onsuper elevated 
curves, the material should be placed as high as possibleon the curve so that the brine produced will flow across the road surface.Under some conditions 

a full width patern is required particularly onheavily traveled 
roads where all lanes carry equl traffic.In some agencies, 

particularly 
on secondary roads, the material i notspread but simply 

placed 
in a windrow right on the of the highwaywhere the melting action produes 

brne which wll flow in both directionsacross the road. In the case of 
abrasives, a larger spread pattern isgenerally used in order to obtan 

good overage of both driving lanesether on a two-lane road or on a 
multi-lane hghway. Care must beexercised during spreading to ensure 
that material is not spread intothe breakdown lanes or onto the shoulders 

where it is not effective.The ew York State Department of 
Transportation 

has developed guidelinesfor spreading of chemicals that cll for 
an initial appliationof material at the beginning of torms followed 

by 
applications at alower rate on an as-needed bass. The ntal applicton 
forms a breon the road surface whch prevents bondng of snow and ce 

and the subsequentbuildup Into snow pack. The maller applications, partcularly 

when madeImmediately after plowing (often by the plow trucks itself) 
mantanths film of bre at the road surface. The last small applicaton 

ismade when the storm is almost finished and is benefcial in drying 
theroad particularly if a temperature drop occurs at end.The quantities 

prescribed in Table are for two-lane roads; whe singlelanes 

are being treated such as ext ramps and acceleration lanes therates should 
be half of those stated in Table 3. Reducing this rateshould be the 

duty of tl spreader operator or his assistant and is anmportant 
environmental consideration, partiularly for large at the junction of 

multi-lane highways where there is a large, concentratedusage of chemicals.51 
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Included in Table 3 are the timing of applications and suggested 
waitingperiods 

between hemical application and the initiation of plowing. 
Thiswaiting 

period is critical from the points of vie of operations, iproveddriving 
conditions, and the environment because it allows the chemical 

to orm a brine spread out on the highway, prevent bonding ofprecipitation 
(snow, sleet, or freezing rain) and to be dissolved completelyin this process 

before plowng ocurs. Premature plowing will pick upthe material 
in 

form and deposit it on the shoulder where itis of no use in mproving 
the driving conditions. In short when chemicals are used, the philosophy 

should be to use them fully and notthrow them away. highway men are 
confronted with a 

problem of changing weatherconditions. This emphasizes the need for 
close monitoring of the weatherand judging what the weather will do on the 

basis of past experience withsimilar storms. This is where the skill of 
maintenance managers iscrcially important. When changes in weather 

conditions are predicted,the supervisor should take these hanges into 
account when prescrbingthe material and quantities. or instane, if 

there is a high probabilityof rising temperature the amount o material 
prescribed 

should be reduedin anticipation of the temperature rise. Likewise, 
if the temperatureis predicted to drop rapidly at the end of a storm, 

it is important toget a final application of salt down so that the 
road 

will dry up as thestorm ends and so that icy patches cannot 
form.Environmentally 

Critical AreasSome agencies are 

consciously 
reducing the amount 

of 
material that isused in environmentally critical areas, such as 

watersheds used forwater supply. Several courses of action are open in 

these areas.First of all, the level of service of roads in these 

areas can be lowered,particularly on primary and seondary roads. Care 
should be taken tonotify motorsts that there will be a reduction of the 

level of servcein these areas.Next, the amount of salt used can be 
reduced by 

applicaton 

of smalleramounts and less frequently. Some jurisdictions are 
reducing the amountof sodium that enters such environmentally crtical areas 

by using mixturesof salt and calium chlorde in ratios of 3:1 or 5:1 salt 
to calcium chloride, of the salt has been used in order to acelerate the action 

ofsalt, and at the same tme to utilize less total materal. These salt 
schemes usually use materials that do not freeze at extremelylow 

temperatures, such as solutons of salt, calcum chlorde, methylalcohol or The 
North Dakota Highway Department has successfully alt withwater alone 

sprayed on top of the loaded 

truck at a rate of 18-20 gallonsper cubic yard of salt. Salt brine 
pumped 

from an area drainage cathment can also be used for salt. Care must 

be exercised when53 



using water or dilute solutions n sub-freezing weather to keep 
waterhoses 

and pumps from freezing. load of salt must not remainIn the truck 
for a prolonged period durng sub-freeng weather becauseit wll freeze.The 

material 

of choce by some agencies is a 32 (by weight)solution of calcium chloride 
(4.12 Ibs of 94-97% in 1.0 gal of water,or 5.79 Ibs of 77-80% in 1.0 

gal of water). Several tehnique areused for applying it to the salt. In 
some jurisdictions, calcum chloridesoluton Is pumped onto the dry load of 

salt before the truck driver proceedsalong his route. In Iowa, Mchgan, New 
York, and others, a tank of caliumchloride solution is carried on the truck, 

and the calciu hloride solutonis dispensed into the dscharge chute of the 
spreader ether by means ofa pump or under gravity. The object is to coat 

thoroughly each partileof salt with calcium chloride solution before it 
is applied to thesnow or ice on the road; this can intiate immedate 

melting of thesnow or ice to form addional brine that disolves 
the crystals of salt. keeps the salt from bouncng off the roadway during 

spreadingand from blowing away once it s on the road. A typical pplcation 
rateor of salt as it is dispensed at the back end of spreaderis at 8 
gal per ton. For calcium chloride solutons applied beforehandto a full 
load of salt in he truck, a typical application rate is 10 galper ton 
and the material is pumped onto the top of the load just beforethe truck 
leaves the yard.Connecticuts Bureau of Highways has been experimenting 

In 21 crtcalwatershed 
areas 

with several mixtures of sand, salt, calcum chloride,and 50/50 mixture 
of to accelerate the action of thesalt and calcium chloride. The 

three mixtures beng used are summarizedIn Table 4. Mixture One containng 
no sand, s used on the Interstatehghway where they pass through these 

watersheds. The standard Conneticut (3:1 salt/calcium chloride) is 
spread at a rate of about 430 Ibper twolane mle and is with a 50-50 mxture 

of ad water at a rate of 10 gal per two-lane mile. Mxture Two uses 

11 partssand and two parts of standard This mixture is with10 gal per mile 
of 50-50 water mixture. Of the threemxtures beng used Mxture Two, as 

noted in Table 4, ontains thesmallest amout of salt and calcium chloride. 
Mixture Three is madefrom seven parts sand and two parts of standard 

No is used for of this mixure.Addtional Techniques or Minmzing 
Chemcal Applicationsn one way or another, all of the techniques 

outlined this manual aredirected toward miniming the amount of 
chemicals and/or maxmizingthe effect of those 

chemicals that are used As many of these techniquesshould 
be 

icorporated as possible appropriate, and eonomically feasible.uring 
each 

winter storm, the optmum applcation rate is aobinaton of many factors 
nludin the level of servce, weather condtionschanging with tme, the state 

and charaterstis of the hemicals usedthe time of application relative to 
both 

changing traffic and weather54 



Table 4 MIXTURES FOR ENVIRONMENTALLY CRITICAL 

AREASMixture 

1Mixture 2Mixture 

3Spread Rate 
of road)43015001500Descripton of 

MixtureDry Ingredientsall 
3:1 11 part 

and 7 parts sand2 part 3:1 2 parts 3:1Amount 
of 50/50 1012noneCalculated 

Quantities 
of road)• salt 

320 180 
260• 

calcium 
chloride 110 

45 86• sand —— 1275 



conditions, and the topography and type of road surface. The 
actualdeterminaton 

of an application rate by maintenance manager is 
amatter of his best judgment. Usually the rate is chosen that 

willreasonably cover as many of the uncontrollable variables as 
possible.Many 

noteworthy techniques have been developed by maintenane managerswho 
are attempting to minimize the application rates for chemicalsand abrasives, 

and/or to maximize the effect of those aterialsapplied. In the 
following listing, are some additional techniques thatwere noted during 

the course of the study preceding the writing of thismanual.• Application 
of 

chemicals should occur in smaller incrementsin response to 
changing traffic and weather conditions.Although this 

requires 
more attention by operators, foremen,and other maintenance 

managers and much more intensive useo equipment, the 
techniques guards against the possibilityof unnecessary 

over-application of environmentally harmfulchemicals• Abrasives 
should 

be used with little or no use of chemialsin locations where 
traffic is not heavy enough to remove themrapidly from the road. 

A mixture of 20 parts of sand andone part salt (the 
minimum amount required to keep a sandpile from freezing) 

often results in sufficient meltingaction to provide an 
adequate level of service on secondaryroads and roads in 

residential areas.• For storms that 
are 

expected to produce heavy application of salt at the 
onset 

of the storm followedby early and continued plowing 
throughout the torm willprovide an adequate level of 

service, particularly ifit is followed by a light 
application 

of salt at the endof a storm in order to lear up 
the road and preventfreezing when the temperature 

drops.• Less chemicals are required to 

prevent snow pack from formingif scrapers are used extensively 
the plowingprogram. These scrapers can lear the road 

surface of hard-packed snow more readily than a conventional 
front-mountedplow.o Through coordination of the timing 

of 

plowing 
and chemicalapplications, the salt is allowed to melt, 

form brine, andbreak the snow-ice bond at the road surface 
before snowis plowed off. Success of this technique 

requires keenobservation of conditions and good communication 
among crewforemen and distric supervsors.56 



• When roads are subject to regular oneway commuter traffic,both 
plowing and chemical applications should be concentratedon 

n-bound or out-bound lanes as appropriate to the 
peaktraffic 

load and time of day.• 

A towed spreader (see Figure 25 in Chapter V) is usefulfor 
applying concentrated and controlled amounts of chemicalsto 

areas on the roadway (such as the passing lane) that mayneed 
additional applications in such a well-defined areathat 
a large spreader truck would put too much materialout 

over a too large 

area.PRECAUTIONS 
IN HANDLING OF CHEMICALSOnce the 

application rate has been prescribed, the action shifts fromthe 
supervisors 

or managers to the men who must carefully use these chemicals. 
A complete description of precautions concerninghandling of 

chemicals before application is given in Part III of Manual for Chemicals: 
Storage and Handling When the spreader trucks are being loaded before 

and during a storm goodpractices should be followed. In general, five 
precautions should beobserved.• If possible, load trucks or spraders 

iside 
the 

salt 
storageshed. This reduces spillage and cleanup problems.• 

Before the spreader truck leaves the shed or the 

loading area,clean it off—catwalks, top edges and ledges of the 
body, tanksroof and fenders. This will keep the salt from spilling 

offwhere it is not wanted.• Keep the loading area clean 
by immediately cleaning 

up anysalt lying on the loading pad, and get it back under 
cover.• the salt dry by keepig it under cover as long as 

possiblebefore loading it onto the trucks.• Handle the alt Excessive 
handlingcauses large particles 

to break down into finer particleswhich reduces their effectiveness 
for clearing snow.ROLE OF THE SPREADER OPERATORThe 

spreader truck operator has the ultiate cotrol over 

the amount ofchemical that is 

spread on highways. The success of any program tominimize the amount 
of 

chemicals spread on highways is totally dependenton his enthusiastic 
aceptance of this goal. Thus it becomes increasinglyiportant that 

spreader operators be thoroughly familiar wth the equipmentand the desires 
of the foremen, supervisors and other high officialsresponsible for the snow 

and ice control program.57 



Further, because he is out in the storm, the spreader operator is in 
thebest 

position to judge the condition of his section of the road and 
theefficacy of his snow and ice cotrol efforts, and can feed this informationback 

to his foreman and supervisors. Maintenance of two-way radio communicationwith 
each spreader operator is as important as use of wellcalibrated,easiy 

controlled salt 
spreader.Control 

of the actual amount o£ salt spread should be in the hands o thespreader 
operator. He should be told by his supervisor the standard amountof 

salt 
that is to be sprad on his particular run. The actual spreadingrate 

may vary from place to place throughout the run depending upon thenumber 

o intersections, grades, and bridge decks that are subject toicng 
before 

the main road. However, as weather conditions change forbetter or 
for worse, the operator should have the option of increasingor decreasing 

his aounts within some liit, for instance +20 or -100 Ibdepending 
upon the weather and traffic he encounters Before increasingthe spreading 

amounts above this upper dscretionary limit, the operatorshould seek 
guidance from his supervisor via the two-way radio. Clearly,to vary the 

spreading rate this way during a run requires equipment within-cab controls 
which are in good operating condition.All spreader 

operators should be trained to spread chemicals on the crownof the road 
or 

on the high side of the road and should know how to changespreading 
techniques or pattern in response to that blow thematerial before it 

settles 
on the highway pavement. Further, he shouldknow when to cease 

spreading 
chemicals and initiate a plowing operation.Before begnning each 

snow 
ontrol operation, the spreader operatorshould check out his truck 

thoroughly. This should be done before thespreader is loaded with 
chemicals. A good time to perform this inspectionis when he driver is first 

called out or when he is called upon toattach his plow in readiness 
for a storm condition. Eah driver shouldperform inspection, 

checking all of the itemslisted in Figure 10. Uon completion of this check 
out, the operator canproceed to load the spreader with the assurane that 

his truck and spreaderare i top operating condition.ACCOUNTING FOR CHEMICAL 
USAGEWhile careful control of 

the amount of chemcal that 

is spreadis the primary means for minmizing the impact on the environment, 
a secondmajor technique for control is the development of an accounting 

procedurethat allows supervisors to keep track of the use of chemicals 
and toanalyze the results obtained therefrom. The basic requirement 
foraccounting for salt usage is knowing:• what snow and ice control 

techniques were used,• the type 
and 

amount of chemical used,• where it was used and 

the number of lane miles covered,58 
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• what the weather and road conditions were, 
and• 

what the results 
were.Three 

major classes of winter reporting are required in a 
successfulmanagement 

program for snow and ice control.• 

the operators daily storm report,• 

the road sectio, supervisors storm summary report, and• 

the road district's annual winter activity 
report.Operatos 

aily Storm ReportThe 

starting pint and probably the most important input to thismanagement 
contro procedure is the basic data provided by a dailytruck 

operator's report. This report of winter activities, like anyreport 

to be completed by an operator, must be easily filled out 
(andacurately), 

yet contain sufficient information for meaningful analysis.Two 
operator 

reporting forms that incorporate much needed informationare 
shown 

in Figure 11 and 12. A suggested model for an operator'sdaily 
report is shown in Figure 13Operator's 

daily reports should be hand-sized forms which can fit intoa shirt 

or oat pocket and which are printed on heavy weight, high gradepaper stock 
suitable for field usage even under damp conditions. Eachoperator 

is responsible for filling in the report card as material isloaded 
onto 

his truck and as work is accomplished. At the end of eachshift, the 
operator totals up his usage of material and the lane mileson which 

the material was spread, and submits the card to his supervisorfor 
verification. 

A supply of these operator activity cards shouldbe kept 
in 

each truck. These operator reports can be used for accountngfor materials 
usage for purposes of and restockng and by thesupervisor in preparing 
his storm summary report.Supervisor's Storm 

Summary ReportThe second important 

report in the management control of chemical compounds is the road section 
supervisor's storm sumary report. hisreport can be compiled from all 
of the daily reports by operators coveringthe period of a storm and with 

some additional data concerning the weather,which must be gathered by the 

supervisor. Six important parameters shouldbe included in the supervisor's 
storm summary report.• Total materials used;• Number 

of applications;• 
Total 

lane miles;60 
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• Measures of the weather at the reporting location:tpe 
of preciptation (dry snow, wet snow, 

sleet,freezing 
rain, rain)total 

total water 
content of precipitaton, andbrief descrption 

of the storm including temperatures,wind, hourly 

and/or precipitation rates;• Quantities calculated 

from the above information (averagepounds of chemical per 
lane mle per application) and• Results obtained from 

the materals applied.In the many state and 
local 

snow and ice control organizations contactedduring this study, no storm 
summary report was found that included all ofthis above information. A 

suggested generalized form for a storm summaryis shown in Figure 14. The 
supervisor in each road section is responsiblefor completing this type 

of form as soon as possible after the storm or,n the event of series 
of small wnter operations, at the end of eachweek. These storm summary 

reports form the bass for comparsons of thesnow and ice control activities 
in the various road sections of largeradministrations, and for 

development of state-wide and/or annual summariesof snow and ice control activitis. 
The body of data should be largeenough so that statistical 

analysis can be applied if desired.Anna Chemical Use ReportA final 

report of interest to 
the 

management of snow and ice controlwith hemicals is an annual report 
of chemical consumption. Largeadminitrations responsible for snow 
and ice ontrol such as states,cities, turnpike authorities, and 

towns 
may be required to produce ormay want a summary report of chemicals 
consumed. The important parametersfor such a report might include:• 

Total tons of materials used;• The 

average number of applications;• 

The total lane miles on which 
chemicals 

are applied;• The total • The total precipitation 

water content;• A 

summary description of all of the storms 

encountered thatwinter, inluding duration, dates type;• The 
calculated quantitiesaverage pounds of 

chemicals 
per lane mile per 

application andaverage pounds of chemicals per lane mile per 
measure of theweather such as the inches of and 

equivalentprecipitation 
as inches of water;64 





• Results obtained from the material applied;• 

A dicussion of the quality of the service provided 
thetraveling public; and• 

An estmate of the environmental 
impact.Managerial 

Uses ofcou ting ReportsThese 

data 
gathering and reporting efforts must now be applied constructivelyto the 

management of the use of chemicals. They should be usedto produce 
desired 

levels of snow and ice control for th traveling publicwith a minimum 
of chemicals.Because the 

pounds 
of salt applied per lane mile can be easily alculatedfrom the operator's 

daily storm report, his report is most ueful to theroad section 
supervisor 

n determining if his operators are spreading chemicalsat the prescribed 
rates. When this rate exceeds the prescribed amount,the supervisor can 

look further to determine if the equipment or theoperator is at fault. 
This report can also be used for inventory recordsof chemicals used. 

By checking the reported usage of chemicals drawnfrom various storages 
against receipts and inventory of chemicals inthese storages, the 

supervisor can also check the accuracy with whichhis operators report 
their usage.The supervisor torm 

summary report is used for deciding when o orderreplaement materials 
and how much, for determining if the prescribed ratefor salt spreading and 

the number of applications each storm are providingthe desired level of 
service for evaluating the performane of subgroups(crews) and for fending 
off questions and criticisms from other managersand the driving public.A 
comparison of storm 

summary 

reports from various road sections can beused or analysis of the 
relative efficiency of each section in termsof measures such as tons per 

lane mile per inch of precipitation or tonsper lane mile per storm*The 
annual snow and ice 

control 

summary report is useful for interpretationboth by officials and by the 

general public. Good use can be made of thisreport in requesting additional 
funds for equipment and storage ofmaterials for subsequent 

winter seasons, for dscussing usags inproportion to the amount of 
precipitation when talkng with environmentalgroups, and in budgeting the 

chemical and abrasive requirements for thefollowing winter season (See 
Chapter VII)66 



PART FOUR: 
EQUIPMENTCHAPTER 

VSNOW AND ICE CONTROL 
EQUIPMENTThe 

avalability of appropriate and functioning equipment and experiencedpersonnel 
to operate it is the single most important element a succes¬ul snow 

and ice control program. Although no two organizations haveexactly 
the same program or approach, a commonality exists n the equip¬ment they 

use. In this section general equipment requirements are dis¬cussed 
and major classes of equipment are described. Wherever possible,advantages 

and disadvantages are presented Improvements made by indivi¬dual 
organizations are noted, and new developments underway are introduced.EQUIPMENT 

REQUIREMENTSFiguring 

NeedsA winter 

snow and ice control program for eah road section requires aunique 
mixture of manpower and equipment suited to the average localweather and 

traffic conditions and the level of servce to be maintained.These equipment 
and labor requirements are usually established over aperiod of 

years In response to eathe, the level o service, and experience in providing 
this level of service.In the course 

of 
this study, slarities were noted among the inventoriesof equipment required 

for similar road sections. From informal surveysmade in the course 
of large number of visits to organizations active insnow and ice control, 

guidelines are established in Table 5 for equip¬ment. These guidelines 
are a generalized measure for evaluation ofpresent operations, 

for preparation of budgets for new equipment procure¬ment, and for 
estimation of manpower requirements for the coming winterseason.Specific 
equipment 

and labor requirements for each snow and ice controljurisdiction can 
be established only after consideration of numerouscomplex factors, 

including the distance in lane miles to be servicedthe number of 
interchanges 

the average powing and spreading speeds,and the level of service. 
Sometimes a formula is derived including avariety of variables 

for calculation of equipment requirements.The Minnesota 
Department 

of Highways uses the following formula for cal¬culation of required 
single- and tandem-axle dump trucks This require¬ment is directly related 

to lane mileage, cycle time, and number of inter¬changes. Cycle time is 
the amoun allowed for snow removal on throughlanes of a given road 

section to maintain the required level o serviceunder average weather 
conditons. For interchanges, cycle time isincreased to 1.5 times the 

figure for the adjacent ainline; one truck67 


